(D 

Japanese Patent Laid-open No. HEI 11-24507 A 
Publication date : January 29, 1999 
Applicant : Ricoh Co., Ltd. 
Title : IMAGE FORMATION APPARATUS 

5 

(57) [Abstract] 

[Object] To provide a color copying machine that can directly and accurately 
detect a shift of a rotational movement section of a transfer belt, including the 
influence of deformation and the like of the transfer belt itself, by reading a 

1 0 scale formed on the inner circumferential face of the transfer belt. 

[Means] In a color copying machine having an endless belt-like transfer belt 2 
spanned over support rollers 3 to 7, a scale 1 0 for detecting a shift of the belt is 
formed on the inner circumferential face of the transfer belt 2, and a detector 11 
for reading the scale 10 on the transfer belt 2 is provided. Based on the 

1 5 detection result of the detector 1 1 , a drive motor 9 for driving the transfer belt 2 
is controlled. 

[0016] 

[Embodiments of the Invention] Exemplary embodiments in which the present 
20 invention is applied to a color electrophotographic copying machine 

(hereinafter, "color copying machine"), as an image formation apparatus, will 
be explained. Fig. 1 is a perspective view illustrating the schematic 
configuration of the main part of the color copying machine according to the 
embodiment. In the color copying machine, a cylindrical photosensitive drum 
25 20, which is one of rotors used for image formation, is rotated, and four color 
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(cyan, magenta, yellow, and block) toner images are sequentially formed on 
the outer circumferential face thereof. In a transfer unit 1 , an endless belt-like 
transfer belt 2, being another rotor, is rotated, and the four color toner images 
on the photosensitive drum 20 are sequentially transferred to and overlapped 
5 on the outer circumferential face of the transfer belt 2, thereby obtaining a color 
image. The color image on the transfer belt 2 is transferred to transfer paper 
as a transfer member. 

[0017] In the image formation process, when the rotational transfer speed 
(traveling speed in the traveling direction) of the photosensitive drum 20 and 
1 0 the transfer belt 2 changes, since the color image on the transfer belt 2 or the 
transfer sheet is disturbed, precise rotation is required for the photosensitive 
drum 20 and the transfer belt 2. 

[001 8] In the color copying machine in Fig. 1 , the transfer belt 2 is supported 
by five support rollers 3, 4, 5, 6, and 7, and a drive motor 9 as a drive source is 

1 5 connected to a rotation shaft 8 of a drive roller 3, which is one of the support 
rollers. A drive unit for rotating the transfer belt 2 is formed of the drive roller 3 
and the drive motor 9. When the drive motor 9 is rotated, the transfer belt 2 
rotates and the support rollers 4, 5, 6, and 7, which can follow the rotation, also 
rotate. Rotation of the transfer belt 2 is affected by deformation and deviation 

20 of the five support rollers, deviation of the rotation shaft of each support roller, 
and a speed change of the drive motor 9, and the shift in the traveling direction 
of the transfer belt 2 inevitably changes. 

[001 9] Generally, the endless belt-like rotor such as a photosensitive belt, a 
transfer belt, and a paper transfer belt used for the image formation apparatus 
25 such as a color electrophotographic copying machine, a color printer, and the 
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like, has a structure supported by a plurality of support rollers, wherein a drive 
motor is connected to the rotation shaft of one of the support rollers to rotate 
the rotation shaft of the endless belt-like rotor. A servomotor or a step motor 
having a rotary encoder built therein is used as the drive motor. In driving of 
5 the endless belt-like rotor, a shift (rotational position) of the rotor is not directly 
detected, but a rotation shift (rotational position) of the drive motor, being a 
drive source, is detected and feed-back controlled based on the detection 
result. Therefore, the rotational position and the turning angle velocity of the 
drive motor can be precisely controlled, but the shift of the rotor (rotational 

10 position) and the rotation speed of the rotor are not precisely controlled. 

[0020] In the color copying machine according to the embodiment, a scale 10 
having minute and precise divisions formed on the inner surface of the transfer 
belt 2 is provided, and an optical detector 11 as a reading unit for reading the 
scale 10 is also provided, so that the rotational position and a shift of the 

1 5 transfer belt 2 can be directly and correctly detected. In other words, a shift 
(rotational position) of the transfer belt 2, as well as deformation and deviation 
of the five support rollers, which appear in the rotational motion of the transfer 
belt 2, deviation of the rotation shaft of each support roller, and a speed change 
of the drive motor 9 can be accurately detected. Further, even if there is a 

20 slippage in the rotational motion of the transfer belt 2 itself, since the minute 
and precise scale 10 is provided on the inner surface of the transfer belt 2, and 
the scale 10 is read by the detector 11, the shift (rotational position) of the 
transfer belt 2, including the slippage, can be accurately detected. 
[0021] Figs. 2(a) and 2(b) are a plan view and a cross section, respectively, 

25 illustrating one configuration example of the scale 10. The scale 10 shown in 
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Fig. 2 is an optically readable scale, and light reflection surfaces and light 
non-reflection surfaces are formed on a plastic sheet alternately in the traveling 
direction at a minute and precise pitch. The light reflection surfaces B and 
light non-reflection surfaces C can be formed by, for example, vapor-depositing 
5 a material indicating a high reflectance, such as aluminum or nickel, on the 
plastic sheet, and selectively removing an evaporant in the portions to be the 
non-reflection surfaces by laser beams from for example as an excimer laser. 
In the configuration example of the scale 10 shown in Fig. 2, the width W in a 
direction orthogonal to the traveling direction (in a direction of A in the figure) is 
10 set to about 2 millimeters, the pitch P of the light reflection surfaces B and the 
light non-reflection surfaces C in the traveling direction is set to from 10 to 20 
micrometers, and the width of the light reflection surfaces in the traveling 
direction is set to a size of about half the pitch. 

[0022] When the transfer belt 2 rotates, the scale 10 touches the surfaces of 
15 the respective support rollers 3, 4, 5, 6, and 7, thereby damaging the scale 10. 
Therefore, in this embodiment, a difference in level (a concave portion) (not 
shown) is provided in the portion on the outer circumference of each support 
roller, which is brought into contact with the scale 10, so as to avoid a damage 
of the scale 10. 

20 [0023] The detector 11 is an optical type, which irradiates focused beams 
toward the scale 10, to read the reflected light from the light reflection surface 
on the scale 10. This detector 11 is provided, as shown in Fig. 3, inside of the 
transfer unit 1 , so as to read the scale 1 0 in the vicinity of the transfer position 
from the photosensitive drum 20, and is secured to a detector holder 12. 

25 [0024] In the color copying machine in this embodiment, a feedback control 
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system shown in Fig. 4 is provided to precisely feedback-control the traveling 
position and the traveling speed of the transfer belt 2 in the transfer unit 1 . 
This feedback control system comprises a position detection circuit 37 for 
converting a signal from the detector 11, which reads the scale 10 having 
5 minute divisions provided on the inner surface of the transfer belt 2 in the 
transfer unit 1 , into a position signal, and a speed detection circuit 38 for 
converting the signal into a speed signal, thereby constituting the feedback 
control system of a minor loop, in which the position signal and the speed 
signal are fed back negatively. 

0 

[Fig. 1] A perspective view illustrating the schematic configuration of a color 
copying machine according to the embodiment of the present invention. 



[Description of Signs] 
15 1 Transfer unit 

2 Transfer belt 

3 Drive roller (support roller) 
4, 5, 6, 7 Support roller 

8 Rotation shaft 
20 9 Drive motor 

10 Scale 

1 1 Detector 

12 Detector holder 

20 Photosensitive drum 
25 21 Drum drive motor 
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22 Rotation shaft (shaft of the drum) 

23, 24 Gear 

25 Drive shaft 

26 Scale 

5 27 Detector 

28 Detector holder 

29 Fixed shaft 

31 , 41 Position control circuit 

32, 42 Speed control circuit 
1 0 33, 43 Power inverter circuit 

35 Drive motor section 

36 Mechanic section 

37, 46 Position detection circuit 

38, 48 Speed detection circuit 

15 40 Photosensitive member drive mechanism 

44 Gear 
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